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Chiral ligands and metal complexes based on such chiral ligands useful in 
asym. catalysis are disclosed. The metal complexes according to the 
present invention are useful as catalysts in asym. reactions, such as, 
hydrogenation, hydride transfer, allylic alkylation, hydrosilylation, 
hydroboration, hydrovinylation, hydrof ormylation, olefin metathesis, 
hydrocarboxylation, isomerization, cyclopropanation, Diels-Alder reaction, 
Heck reaction, isomerization, Aldol reaction, Michael addition; epoxidn. , 
kinetic resolution and [m+n] cycloaddn. Processes for the preparation of the 
ligands are also described. Thus, preparation of (IS, IS ' , 2R, 2R 1 ) -1, 1 » -di-tert- 
butyl [2 , 2 ' ] diphospholanyl TangPhos was prepared starting from 
1,4-dibromobutane, PC13, and t-BuMgCl and was used as cbcatalyst with 
[Rh (NBD) 2] SbF6 for asym. hydrogenation for dehydroamino acids. 
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AB The invention is concerned with the preparation of new phosphine ligands I (Rl, 
R2 = independent of each other unsubstituted alkyl, aryl, cycloalkyl, 
heteroaryl, alkyl, aryl, cycloalkyl, heteroaryl each of which 
independently is substituted by alkyl, alkoxy, halogen, hydroxy, amino, 
mono- or dialkylamino, aryl, S02R7, S03-, CONR8R8 ' , carboxy, 
alkoxycarbonyl , trialkylsilyl , diarylalkylsilyl , dialkylarylsilyl or 
triarylsilyl; R3 = alkyl, cycloalkyl, aryl, heteroaryl; R4 ' , R4 = 
independent of each other H, alkyl, optionally substituted aryl; or R4 and 
R4 together with the C-atom they are attached, form a 3-8-membered 
carbocyclic ring; dotted line is optionally a double bond; R5, R6 = 
independent of each other H, alkyl, or aryl, R7 = alkyl, aryl; R8, R8 ' = 
independent of each other H, alkyl, aryl; the substituents attached by the 
bold bonds are in cis relation to each other) ; metal complexes with such 
ligands in asym. reactions. Thus, preparation of (IS, 2S) -cis -1 -phenyl -2 - 
[ (diphenylphosphino) methyl] phospholane (II) is given in several steps 
starting from 1-phenylphospholane 1-oxide. Rhodium complex of II 
catalyzed asym. hydrogenations is also given. 
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AB Chiral ligands and metal complexes based on such chiral ligands useful in 
asym. catalysis are disclosed. The metal complexes according to the 
present invention are useful as catalysts in asym. reactions, such as, 
hydrogenation, hydride transfer, allylic alkylation, hydros ilyl at ion, 
hydroboration, hydrovinylation, hydrof ormylation, olefin metathesis, 
hydrocarboxylation, isomerization, cyclop ropanat ion. Diels -Alder 
reaction, Heck reaction, isomerization, Aldol reaction, Michael addition; 
epoxidn., kinetic resolution and [m+n] cycloaddn. Processes for the preparation 
of the ligands are also described. Thus, Grignard reaction of 
BrMgCH2 (CH2) 2CH2MgBr with PC13 in the presence of t-BuMgCl in THF followed 
by thianation gave 1-tert-butylphospholane 1-sulfide which on 
BuLi/CuC12 -mediated coupling in presence of (-) -sparteine followed 
desulfurization with hexachlorodisilane/C6H6 gave title phospholane, 
TangPhos I. [Rh (COD) 2] BF4-I mediated asym. catalytic reactions are 
described. 
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AB The title compds . [I; Rl, R2 , R3 = (un) substituted hydrocarbyl; or R2 and 



R3 are linked to each other to form a ring] are prepared, e.g. by (1) 
reaction of 1, 4-dihalobutane (e.g. 1, 4-dibromobutane) with metal (e.g. Mg) 
followed by cyclocondensation of the organometallic compound [e.g. Grignard 
reagent BrMg (CH2) 4MgBr] with phenylphosphine and reaction with borane-THF 
complex to form 1-phenylphospholane-borane complex (II) , (2) carboxylation 
of II and optical resolution to give l-phenylphospholane-2 -carboxylic 
acid-borane complex (III; R = C02H) , (3) reduction of III (R = C02H) to 
l-phenylphospholane-2 -methanol -borane complex III (R = CH20H) , (4) 
mesylation of III (R = CH20H) with methanesulf onyl chloride to mesylate 
III (R = CH20S02Me) , (5) reaction of III (R = CH20S02Me) with 
diphenylphosphine in the presence of a base followed by reaction with 
borane-THF complex to give 2- (diphenylphosphinomethyl) -1-phenylphospholane- 
borane complex III (R = CH2PPh2-BH3) , and (6) removing borane from III (R 
= CH2PPh2-BH3) to give optically active I (Rl = R2 = R3 = Ph) . 



